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(57) ABSTRACT

A magnetic sensor includes an MR element and a bias
magnetic field generation unit. The MR element includes a
magnetization pinned layer, a nonmagnetic layer and a free
layer stacked along 7 direction. The bias magnetic field
generation unit includes a first antiferromagnetic layer, a
ferromagnetic layer and a second antiferromagnetic layer
stacked along the Z direction. The bias magnetic field
generation unit has a first end face and and a second end face
located at opposite ends 1n the Z direction. The MR element
1s placed such that the entirety of the MR element 1is
contained in a space formed by shifting an 1imaginary plane
equivalent to the first end face of the bias magnetic field
generation unit away from the second end face along the Z
direction.

9 Claims, 8 Drawing Sheets
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MAGNETIC SENSOR INCLUDING BIAS
MAGNETIC FIELD GENERATION UNIT
FOR GENERATING STABLE BIAS
MAGNETIC FIELD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a magnetic sensor includ-
ing a magnetic detection element and a bias magnetic field 10
generation unit, the bias magnetic field generation unit
generating a bias magnetic field to be applied to the mag-
netic detection element.

2. Description of the Related Art

In recent years, magnetic sensor systems have been 15
employed to detect a physical quantity associated with the
rotational movement or linear movement of a moving object
in a variety of applications. Typically, a magnetic sensor
system 1ncludes a scale and a magnetic sensor, and the
magnetic sensor 1s configured to generate a signal associated 20
with the relative positional relationship between the scale
and the magnetic sensor.

The magnetic sensor includes a magnetic detection ele-
ment for detecting a magnetic field to be detected. Herein-

after, the magnetic field to be detected will be referred to as 25
the target magnetic field. U.S. Pat. No. 6,661,225 B2, P

2008-151759A, and JP 2012-185044A each disclose a mag-
netic sensor that uses a so-called spin-valve magnetoresis-
tance (MR) element as the magnetic detection element. The
spin-valve MR element includes a magnetization pinned 30
layer having a magnetization pinned 1n a certain direction, a
free layer having a magnetization that varies depending on
the target magnetic field, and a nonmagnetic layer located
between the magnetization pinned layer and the free layer.
Examples of the spin-valve MR element include a TMR 35
clement 1n which the nonmagnetic layer is a tunnel barrier
layer, and a GMR element 1n which the nonmagnetic layer

1s a nonmagnetic conductive layer.

Some magnetic sensors have means for applying a bias
magnetic field to the magnetic detection element. The bias 40
magnetic field 1s used to allow the magnetic detection
clement to respond linearly to a variation in the strength of
the target magnetic field. In a magnetic sensor that uses a
spin-valve MR element, the bias magnetic field 1s used also
to make the free layer have a single magnetic domain and to 45
oritent the magnetization of the free layer in a certain
direction, when there i1s no target magnetic field.

U.S. Pat. No. 6,661,225 B2 and JP 2008-151759A each
disclose a magnetic sensor including a spin-valve MR
clement, and a permanent magnet for generating a bias 50
magnetic field.

JP 2012-185044 A discloses a magnetic sensor including a
spin-valve MR element, and an antiferromagnetic layer that
1s 1 contact with the free layer of the MR element and
induces an exchange coupling magnetic field between the 55
free layer and 1itsell.

Magnetic sensors that use a permanent magnet as the
means for generating a bias magnetic field, such as those
disclosed 1n U.S. Pat. No. 6,661,225 B2 and JP 2008-
151759A, have the following problems. Such magnetic 60
sensors are typically used under the condition that the
strength of the target magnetic field does not exceed the
coercivity of the permanent magnet. However, since the
magnetic sensors can be used in various environments, an
external magnetic field having a strength exceeding the 65
coercivity ol the permanent magnet can happen to be
temporarily applied to the permanent magnet. When such an

2

external magnetic field 1s temporarily applied to the perma-
nent magnet, the magnetization direction of the permanent

magnet may be changed from an original direction and then
remain different from the original direction even after the
external magnetic field disappears. In such a case, the
direction of the bias magnetic field differs from a desired
direction.

On the other hand, as described in JP 2012-185044A, a
magnetic sensor having an antiferromagnetic layer in con-
tact with the free layer of the MR element has the following
first and second problems. The first problem 1s that the
antiferromagnetic layer 1s exchange-coupled to the free layer
to create magnetic anisotropy 1n the free layer, and as a
result, the free layer increases 1n coercivity, and the linearity
of a response of the MR element to the target magnetic field
can thus possibly deteriorate. The second problem 1s that
atoms constituting the antiferromagnetic layer, such as Mn
atoms 1 a Mn-based antiferromagnetic material such as
IrMn, may diffuse into the free layer, and as a result, the
magnetoresistance change ratio of the MR element may be
reduced.

OBJECT AND SUMMARY OF THE INVENTION

It 1s an object of the present mmvention to provide a
magnetic sensor that allows application of a stable bias
magnetic field to a magnetic detection element.

A magnetic sensor of the present invention includes at
least one magnetic detection element for detecting a target
magnetic field, and a bias magnetic field generation unit for
generating a bias magnetic field to be applied to the at least
one magnetic detection element. The bias magnetic field
generation unit includes a ferromagnetic layer and a first
antiferromagnetic layer that are stacked along a first direc-
tion, and has a first end face and a second end face located
at opposite ends 1n the first direction. The ferromagnetic
layer has a first surface and a second surface located at
opposite ends 1n the first direction. The {first antiferromag-
netic layer 1s 1n contact with the first surface of the ferro-
magnetic layer and exchange-coupled to the ferromagnetic
layer. The at least one magnetic detection element 1s placed
such that at least a part of each of the at least one magnetic
detection element 1s contained 1n a space formed by shifting
an 1maginary plane equivalent to the first end face of the bias
magnetic field generation unit away from the second end
face along the first direction.

In the magnetic sensor of the present invention, the
ferromagnetic layer may have a magnetization in a direction
parallel to a second direction orthogonal to the first direc-
tion. The bias magnetic field at a location where the at least
one magnetic detection element i1s placed may contain a
component 1 a direction opposite to the direction of the
magnetization of the ferromagnetic layer.

The first end face of the bias magnetic field generation
unit may include a first end region, a second end region and
a middle region each of which has an area. The first end
region includes a first end of the first end face, the first end
being one of opposite ends of the first end face in the second
direction. The second end region includes a second end of
the first end face, the second end being the other of the
opposite ends of the first end face in the second direction.
The middle region 1s located between the first end region and
the second end region, borders on the first end region along
a first border line orthogonal to the second direction, and
borders on the second end region along a second border line
orthogonal to the second direction. The at least one magnetic
detection element may be placed such that the entirety of the
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at least one magnetic detection element 1s contained 1n a
space formed by shifting an 1imaginary plane equivalent to
the middle region away from the second end face of the bias
magnetic field generation unit along the first direction. The
distance between the first end and the first border line, and
the distance between the second end and the second border

line may both be 10% or 33% of the distance between the
first end and the second end.

In the magnetic sensor of the present invention, the at
least one magnetic detection element may be at least one
magnetoresistance element. The at least one magnetoresis-
tance element may include a magnetization pinned layer
having a magnetization pinned 1n a certain direction, a free
layer having a magnetization that varies depending on the
target magnetic field, and a nonmagnetic layer located
between the magnetization pinned layer and the free layer.
The magnetization pinned layer, the nonmagnetic layer and
the free layer may be stacked along the first direction. The
magnetic sensor of the present invention may further include
a first electrode and a second electrode for supplying current
to the at least one magnetoresistance element, the first and
second electrodes being located on opposite sides of the at
least one magnetoresistance element 1n the first direction. In

this case, the bias magnetic field generation unit may be
located between the first electrode and the at least one
magnetoresistance element.

In the magnetic sensor of the present invention, the bias
magnetic field generation unit may further include a second
antiferromagnetic layer that 1s in contact with the second
surface of the ferromagnetic layer and exchange-coupled to
the ferromagnetic layer.

In the bias magnetic field generation unit of the magnetic
sensor of the present invention, the direction of the magne-
tization of the ferromagnetic layer 1s determined by the
exchange coupling between the first antiferromagnetic layer
and the ferromagnetic layer. In this bias magnetic field
generation unit, even 1f an external magnetic field having a
high strength suilicient to reverse the direction of the mag-
netization of the ferromagnetic layer 1s temporarily applied,
the direction of the magnetization of the ferromagnetic layer
returns to an original direction upon disappearance of such
an external magnetic field. Thus, the magnetic sensor of the
present invention allows application of a stable bias mag-
netic field to the magnetic detection element.

Other and further objects, features and advantages of the
present invention will appear more fully from the following,
description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view 1llustrating the general
configuration of a magnetic sensor system of a first embodi-
ment of the invention.

FIG. 2 1s a perspective view of a magnetic sensor accord-
ing to the first embodiment of the invention.

FIG. 3 1s a circuit diagram of the magnetic sensor accord-
ing to the first embodiment of the invention.

FIG. 4 1s an enlarged perspective view of a portion of the
magnetic sensor shown in FIG. 2.

FIG. 5 1s an enlarged side view of the portion of the
magnetic sensor shown in FIG. 2.

FIG. 6 1s a side view illustrating an example of the
configuration of the bias magnetic field generation unit
shown 1n FIG. 2.

FIG. 7 1s a side view illustrating an example of the
configuration of the MR element shown 1n FIG. 2.
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FIG. 8 15 a plan view 1llustrating the positional relation-
ship between the bias magnetic field generation unit and the

MR element 1n the magnetic sensor shown i FIG. 2.
FIG. 9 1s a perspective view 1llustrating the positional
relationship between the bias magnetic field generation unit

and the MR element 1n the magnetic sensor shown 1n FIG.
2.

FIG. 10 1s a characteristic diagram 1llustrating the mag-
netization curve of a permanent magnet.

FIG. 11 1s a characteristic diagram 1llustrating the mag-
netization curve of the bias magnetic field generation unit
shown 1 FIG. 6.

FIG. 12 1s a characteristic diagram 1llustrating the strength
distribution of a reference component of a bias magnetic
field in the reference plane shown i FIG. 9.

FIG. 13 1s an enlarged side view of a portion of a magnetic
sensor according to a second embodiment of the invention.

FIG. 14 1s a perspective view 1illustrating the general
configuration of a magnetic sensor system of a third embodi-
ment of the mvention.

(1]

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

First Embodiment

Preferred embodiments of the present invention will now
be described 1n detail with reference to the drawings. First,
reference 1s made to FIG. 1 to describe an example of a
magnetic sensor system including a magnetic sensor accord-
ing to a first embodiment of the mvention. FIG. 1 1s a
perspective view illustrating the general configuration of the
magnetic sensor system of the first embodiment. The mag-
netic sensor system shown in FIG. 1 includes the magnetic
sensor 1 according to the first embodiment, and a rotation
scale 50 for generating a target magnetic field, 1.e., a
magnetic field to be detected by the magnetic sensor 1. In
response to a rotational movement of a moving object (not
illustrated), the rotation scale 50 rotates about a predeter-
mined central axis C 1n a rotational direction D. The relative
positional relationship between the rotation scale 530 and the
magnetic sensor 1 1s thereby changed in the rotational
direction D. The magnetic sensor system detects a physical
quantity associated with the relative positional relationship
between the rotation scale 50 and the magnetic sensor 1.
More specifically, the magnetic sensor system detects, as the
alorementioned physical quantity, the rotational position
and/or the rotational speed of the alorementioned moving
body moving with the rotation scale 30.

As shown 1 FIG. 1, the rotation scale 50 1s a multipole-
magnetized magnet having a plurality of pairs of N and S
poles alternately arranged 1n a circumiferential direction. In
the example shown 1n FIG. 1, the rotation scale 50 has six
pairs of N and S poles. The magnetic sensor 1 1s placed to
face the outer circumierential surface of the rotation scale
50.

The direction of the target magnetic field varies periodi-
cally with varying relative positional relationship between
the rotation scale 50 and the magnetic sensor 1. In the first
embodiment, the direction of the target magnetic field
changes as the rotation scale 50 rotates. In the example
shown 1n FIG. 1, one rotation of the rotation scale 50 causes
the direction of the target magnetic field to rotate six times,
that 1s, to change by six periods.

The magnetic sensor 1 will now be described with refer-
ence to FIG. 2 and FIG. 3. FIG. 2 1s a perspective view of
the magnetic sensor 1. FIG. 3 1s a circuit diagram of the

-
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magnetic sensor 1. The magnetic sensor 1 includes at least
one magnetic detection element for detecting the target
magnetic field, and at least one bias magnetic field genera-
tion unit for generating a bias magnetic field to be applied to
the at least one magnetic detection element. In the first
embodiment, the at least one magnetic detection element 1s
at least one magnetoresistance (MR) element. The first
embodiment employs a spin-valve MR element as the MR
clement. As will be described 1n detail later, the spin-valve
MR element includes a magnetization pinned layer, a free
layer, and a nonmagnetic layer located between the magne-
tization pinned layer and the free layer. The magnetization
pinned layer, the nonmagnetic layer and the free layer are
stacked along a first direction. In the first embodiment, the
first direction 1s defined as Z direction. X and Y directions
are two directions perpendicular to the Z direction and
orthogonal to each other.

As used herein, each of the X, Y and 7 directions 1s
defined as including one particular direction and the oppo-
site direction thereto, as indicated by the respective double-
headed arrows 1n FIG. 2. On the other hand, the direction of
any magnetic field or magnetization 1s defined as indicating
a single particular direction.

In the first embodiment, in particular, the magnetic sensor
1 includes four MR elements 10A, 10B, 10C and 10D as the
at least one MR element. The magnetic sensor 1 further
includes, as the at least one bias magnetic field generation
unit, four bias magnetic field generation units 20A, 20B,
20C and 20D corresponding to the MR elements 10A, 10B,
10C and 10D, respectively. The bias magnetic field genera-
tion units 20A, 20B, 20C and 20D generate respective bias
magnetic fields to be applied to the corresponding MR
clements 10A, 10B, 10C and 10D. Heremafter, reference
numeral 10 waill be used to represent any of the MR
clements, and reference numeral 20 will be used to represent
any of the bias magnetic field generation units.

The magnetic sensor 1 further includes a substrate (not
illustrated), two upper electrodes 31 and 32, and two lower
clectrodes 41 and 42. The lower electrodes 41 and 42 are
placed on the non-illustrated substrate. The upper electrode
31 has a base part 310, and two branch parts 311 and 312
branching off from the base part 310. The upper electrode 32
has a base part 320, and two branch parts 321 and 322
branching ofl from the base part 320. The lower electrode 41
has a base part 410, and two branch parts 411 and 412
branching oil from the base part 410. The lower electrode 42
has a base part 420, and two branch parts 421 and 422
branching ofl from the base parts 420. The branch part 311
of the upper electrode 31 1s opposed to the branch part 411
of the lower electrode 41. The branch part 312 of the upper
clectrode 31 1s opposed to the branch part 421 of the lower
clectrode 42. The branch part 321 of the upper electrode 32
1s opposed to the branch part 412 of the lower electrode 41.
The branch part 322 of the upper electrode 32 1s opposed to
the branch part 422 of the lower electrode 42.

The MR element 10A 1s placed on the branch part 411 of
the lower electrode 41. The MR element 10B 1s placed on
the branch part 421 of the lower electrode 42. The MR
clement 10C 1s placed on the branch part 422 of the lower
clectrode 42. The MR element 10D 1s placed on the branch
part 412 of the lower electrode 41. The bias magnetic field
generation units 20A, 208, 20C and 20D are placed on the
MR elements 10A, 10B, 10C and 10D, respectwely The
branch part 311 of the upper electrode 31 1s located on the
bias magnetic field generatlon unit 20A. The branch part 312
of the upper electrode 31 is located on the bias magnetic
field generation unit 20B. The branch part 322 of the upper
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clectrode 32 is located on the bias magnetic field generation
umt 20C. The branch part 321 of the upper electrode 32 1s
located on the bias magnetic field generation unit 20D.

The upper electrode 31 and the lower electrode 41 are
located on opposite sides of the MR element 10A 1n the first
direction (7 direction), and supply current to the MR ele-
ment 10A. The bias magnetic field generation unit 20A 1s
located between the upper electrode 31 and the MR element
10A.

The upper electrode 31 and the lower electrode 42 are
located on opposite sides of the MR element 10B 1n the first
direction (7 direction), and supply current to the MR ele-
ment 10B. The bias magnetic field generation unit 20B 1s
located between the upper electrode 31 and the MR element
10B.

The upper electrode 32 and the lower electrode 42 are
located on opposite sides of the MR element 10C 1n the first
direction (7 direction), and supply current to the MR ele-
ment 10C. The bias magnetic field generation unit 20C 1s
located between the upper electrode 32 and the MR element
10C.

The upper electrode 32 and the lower electrode 41 are
located on opposite sides of the MR element 10D in the first
direction (7 direction), and supply current to the MR ele-
ment 10D. The bias magnetic field generation unit 20D 1s
located between the upper electrode 32 and the MR element
10D.

The upper electrodes 31 and 32 each correspond to the
first electrode of the present invention. The lower electrodes
41 and 42 each correspond to the second electrode of the
present 1nvention.

As shown in FIG. 2, the base part 310 of the upper
clectrode 31 includes a first output port E1. The base part
320 of the upper electrode 32 1ncludes a second output port
E2. The base part 410 of the lower electrode 41 includes a
power supply port V. The base part 420 of the lower
clectrode 42 includes a ground port G.

The MR element 10A and the MR element 10B are
connected 1n series via the upper electrode 31. The MR
clement 10C and the MR element 10D are connected 1n
series via the upper electrode 32.

As shown 1n FIG. 3, one end of the MR element 10A 1s
connected to the power supply port V. The other end of the
MR element 10A 1s connected to the first output port E1l.
One end of the MR element 10B 1s connected to the first
output port E1. The other end of the MR element 10B 1s
connected to the ground port G. The MR elements 10A and
10B constitute a half-bridge circuit. One end of the MR
clement 10C 1s connected to the second output port E2. The
other end of the MR element 10C 1s connected to the ground
port G. One end of the MR element 10D 1s connected to the
power supply port V. The other end of the MR element 10D

1s connected to the second output port E2. The MR elements
10C and 10D constitute a halif-bridge circuit. The MR

clements 10A, 10B, 10C and 10D constitute a Wheatstone
bridge circuat.

A power supply voltage of a predetermined magnitude 1s
applied to the power supply port V1. The ground port G 1s
grounded. Each of the MR elements 10A, 10B, 10C and 10D
varies 1n resistance depending on the target magnetic field.
The resistances of the MR elements 10A and 10C vary 1n
phase with each other. The resistances of the MR elements
10B and 10D vary 180° out of phase with the resistances of
the MR elements 10A and 10C. The first output port E1l
outputs a first detection signal corresponding to the potential
at the connection point between the MR elements 10A and
10B. The second output port E2 outputs a second detection
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signal corresponding to the potential at the connection point
between the MR elements 10D and 10C. The first and
second detection signals vary depending on the target mag-
netic field. The second detection signal 1s 180° out of phase
with the first detection signal. The magnetic sensor 1 gen-
crates an output signal by computation including determin-
ing the diflerence between the first detection signal and the
second detection signal. For example, the output signal of
the magnetic sensor 1 1s generated by adding a predeter-
mined oflset voltage to a signal obtained by subtracting the
second detection signal from the first detection signal. The
output signal of the magnetic sensor 1 varies depending on
the target magnetic field.

The bias magnetic field generation unit 20 will now be
described 1n detail with reference to FIG. 4 to FIG. 6. FIG.
4 1s an enlarged perspective view ol a portion of the
magnetic sensor 1 shown 1n FIG. 2. FIG. 5 1s an enlarged
side view of the portion of the magnetic sensor 1 shown 1n
FIG. 2. FIG. 6 15 a side view 1llustrating an example of the
configuration of the bias magnetic field generation unit 20
shown 1n FIG. 2. In FIG. 4 and FIG. 5, the reference numeral
30 1s used to represent whichever one of the upper electrodes
(first electrodes), and the reference numeral 40 1s used to
represent whichever one of the lower electrodes (second
clectrodes).

As shown 1 FIG. 6, the bias magnetic field generation
unit 20 has a first end face 20aq and a second end face 205
located at opposite ends 1in the first direction (7 direction).
As shown 1n FIG. 5, the first end face 20a faces toward the
lower electrode 40 and 1s 1n contact with the MR element 10.
The second end face 206 1s 1n contact with the upper
clectrode 30.

As shown 1 FIG. 6, the bias magnetic field generation
unit 20 includes a ferromagnetic layer 22 and a first anti-
terromagnetic layer 21 stacked along the first direction. The
terromagnetic layer 22 has a first surface 22a and a second
surface 22b located at opposite ends in the first direction (7
direction). The first antiferromagnetic layer 21 1s in contact
with the first surface 22a of the ferromagnetic layer 22 and
exchange-coupled to the ferromagnetic layer 22. In the
example shown 1n FIG. 6, the bias magnetic field generation
unit 20 turther includes a second antiferromagnetic layer 23
in contact with the second surface 225 of the ferromagnetic
layer 22 and exchange-coupled to the ferromagnetic layer
22. In this example, the first antiferromagnetic layer 21, the
ferromagnetic layer 22 and the second antiferromagnetic
layer 23 are stacked 1n this order along the first direction.

The ferromagnetic layer 22 has a magnetization i a
direction parallel to a second direction orthogonal to the first
direction (7 direction). In the first embodiment, the second
direction 1s the Y direction. In the bias magnetic field
generation unit 20, the direction of the magnetization of the
terromagnetic layer 22 1s determined by the exchange cou-
pling between the ferromagnetic layer 22 and the first and
second antiferromagnetic layers 21 and 23. The hollow
arrow 1n FIG. 5 indicates the direction of the magnetization
of the ferromagnetic layer 22. On the basis of the magne-
tization of the ferromagnetic layer 22, the bias magnetic field
generation unit 20 generates magnetic fields including a bias
magnetic field Hb to be applied to the MR element 10. The
curved arrows 1 FIG. 5 represent the magnetic fields
generated by the bias magnetic field generation unit 20. The
bias magnetic field Hb at the location where the MR element
10 1s placed contains, as a principal component, a compo-
nent parallel to the second direction (Y direction) and
ortented 1 a direction opposite to the direction of the
magnetization of the ferromagnetic layer 22.
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The ferromagnetic layer 22 1s formed of a ferromagnetic
material containing one or more elements selected from the
group consisting of Co, Fe and Ni. Examples of such a
ferromagnetic material include CoFe, CoFeB, and CoNiFe.
The ferromagnetic layer 22 may be formed of a stack of two
or more layers i which every adjacent two layers are
formed of different ferromagnetic materials. Examples of
such a stack forming the ferromagnetic layer 22 include a
stack of a Co layer, a CoFe layer and a Co layer, and a stack
of a Co,,Fe;, layer, a Co, Fe,, layer and a Co, Fe,, layer.
Note that Co, Fe,, represents an alloy containing 70 atomic
percent Co and 30 atomic percent Fe, and Co,.Fe-, repre-
sents an alloy containing 30 atomic percent Co and 70
atomic percent Fe. The first and second antiferromagnetic
layers 21 and 23 are each formed of an antiferromagnetic
material such as IrMn or PtMn. The ferromagnetic layer 22
preferably has a thickness of 8 nm or more. Assuming that
the ferromagnetic layer 22 1s formed of CoFe and has a
thickness of 8 nm, the bias magnetic field generation unit 20
can generate a bias magnetic field Hb having a strength of
the order of 10 Oe. Note that 1 Oe=79.6 A/m.

The second antiferromagnetic layer 23 1s not an essential
component of the bias magnetic field generation unit 20, and
can be dispensed with.

An example of the configuration of the MR element 10
will now be described with reference to FIG. 7. FIG. 7 15 a
side view 1llustrating an example of the configuration of the
MR element 10. The MR element 10 includes at least a
magnetization pinned layer 13 having a magnetization
pinned 1n a certain direction, a iree layer 15 having a
magnetization that varies depending on the target magnetic
field, and a nonmagnetic layer 14 located between the
magnetization pinned layer 13 and the free layer 15.

In the example shown i FIG. 7, the MR element 10
turther includes an underlayer 11, an antiferromagnetic layer
12 and a protective layer 16. In this example, the underlayer
11, the antiferromagnetic layer 12, the magnetization pinned
layer 13, the nonmagnetic layer 14, the free layer 15 and the
protective layer 16 are stacked along the first direction (Z
direction) in the listed order as viewed from the lower
clectrode 40. The underlayer 11 and the protective layer 16
are conductive. The underlayer 11 1s provided to eliminate
the effects of the crystal axis of the non-1llustrated substrate
and to immprove the crystallinity and orientability of the
layers to be formed over the underlayer 11. The underlayer
11 may be formed of Ta or Ru, for example. The antiferro-
magnetic layer 12 1s to pin the direction of the magnetization
of the magnetization pinned layer 13 by means of exchange
coupling with the magnetization pinned layer 13. The anti-
terromagnetic layer 12 1s formed of an antiferromagnetic
material such as IrMn or PtMn.

The magnetization of the magnetization pinned layer 13 1s
pinned 1n a certain direction by the exchange coupling
between the antiferromagnetic layer 12 and the magnetiza-
tion pinned layer 13. In the example shown i FIG. 7, the
magnetization pinned layer 13 includes an outer layer 131,
a nonmagnetic intermediate layer 132 and an mner layer 133
stacked 1n this order on the antiferromagnetic layer 12, and
1s thus formed as a so-called synthetic pinned layer. The
outer layer 131 and the inner layer 133 are each formed of
a Terromagnetic material such as CoFe, CoFeB or CoNiFe.
The outer layer 131 1s exchange-coupled to the antiferro-
magnetic layer 12 and thus the magnetization direction
thereolf 1s pinned. The outer layer 131 and the 1nner layer 133
are antiferromagnetically coupled to each other, and their
magnetizations are thus pimned in mutually opposite direc-
tions. The nonmagnetic intermediate layer 132 induces
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antiferromagnetic exchange coupling between the outer
layer 131 and the inner layer 133 so as to pin the magneti-
zations of the outer layer 131 and the inner layer 133 1n
mutually opposite directions. The nonmagnetic intermediate
layer 132 1s formed of a nonmagnetic material such as Ru.
When the magnetization pinned layer 13 includes the outer
layer 131, the nonmagnetic intermediate layer 132 and the
inner layer 133, the direction of the magnetization of the
magnetization pinned layer 13 refers to that of the inner
layer 133.

If the MR element 10 1s a TMR element, the nonmagnetic
layer 14 1s a tunnel barrier layer. The tunnel barrier layer
may be formed by oxidizing a part or the whole of a
magnesium layer. If the MR element 10 1s a GMR element,
the nonmagnetic layer 14 1s a nonmagnetic conductive layer.

The free layer 15 1s formed of, for example, a soft magnetic
material such as CoFe, CoFeB, NilFe, or CoNiFe. The

protective layer 16 1s provided for protecting the layers
located thereunder. The protective layer 16 may be formed
of Ta, Ru, W, or T1, for example.

The underlayer 11 i1s connected to the lower electrode 40,
and the protective layer 16 1s connected to the bias magnetic
field generation unit 20. The MR element 10 1s configured to
be supplied with current by the lower electrode 40, and the
upper electrode 30 that 1s connected to the bias magnetic
field generation umt 20. The current flows 1n a direction
intersecting the layers constituting the MR element 10, such
as the first direction (Z direction) which 1s perpendicular to
the layers constituting the MR element 10.

In the MR element 10, the magnetization of the free layer
15 varies depending on the magnetic field applied to the free
layer 15. More specifically, the direction and magnitude of
the magnetization of the free layer 15 vary depending on the
direction and magnitude of the magnetic field applied to the
free layer 15. The MR element 10 varies in resistance
depending on the direction and magnitude of the magneti-
zation of the free layer 15. For example, i1 the free layer 135
has a magnetization of a constant magnitude, the MR
clement 10 has a minimum resistance when the magnetiza-
tion of the free layer 15 1s in the same direction as that of the
magnetization pinned layer 13, and has a maximum resis-
tance when the magnetization of the free layer 15 1s in the
opposite direction to that of the magnetization pinned layer
13.

Reference 1s now made to FIG. 2 to describe the direc-
tions of the magnetizations of the magnetization pinned

layers 13 of the MR elements 10A to 10D. In FIG. 2, the
arrows labeled 10AP, 10BP, 10CP and 10DP indicate the
directions of the magnetizations of the magnetization pinned
layers 13 of the MR elements 10A, 10B, 10C and 10D,
respectively. As shown 1n FIG. 2, the direction 10AP of the
magnetization ol the magnetization pined layer 13 of the
MR element 10A 1s a third direction parallel to the X
direction. The direction 10AP 1s leftward in FIG. 2. The
direction 10BP of the magnetization of the magnetization
pinned layer 13 of the MR element 10B 1s a fourth direction
opposite to the third direction. The direction 10BP 1s right-
ward 1n FIG. 2. In this case, the potential at the connection
point between the MR elements 10A and 10B varies depend-
ing on the strength of a component of the target magnetic
field 1n a direction parallel to the third and fourth directions,
1.¢., 1n the X direction. The first output port E1 outputs the
ﬁrst detection signal corresponding to the potential at the
connection point between the MR elements 10A and 10B.
The first detection signal represents the strength of the
component of the target magnetic field in the X direction.
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As shown 1n FIG. 2, the direction 10CP of the magneti-
zation ol the magnetization pinned layer 13 of the MR
element 10C 1s the third direction mentioned above, and the
direction 10DP of the magnetization of the magnetization
pinned layer 13 of the MR element 10D i1s the fourth
direction mentioned above. In this case, the potential at the
connection point between the MR elements 10C and 10D
varies depending on the strength of the component of the
target magnetic field 1n the direction parallel to the third and
fourth directions, 1.e., 1n the X direction. The second output
port E2 outputs the second detection signal corresponding to
the potential at the connection point between the MR
clements 10C and 10D. The second detection signal repre-
sents the strength of the component of the target magnetic
field 1n the X direction.

As for the MR element 10A and the MR element 10D,
their respective magnetization pinned layers 13 have mag-
netizations 1 mutually opposite directions. As for the MR
clement 10B and the MR element 10C, their respective
magnetization pinned layers 13 have magnetizations in
mutually opposite directions. Thus, the second detection
signal has a phase difference of 180° with respect to the first
detection signal.

In consideration of the production accuracy of the MR
elements 10A to 10D and other factors, the directions of the
magnetizations of the magnetization pinned layers 13 of the
MR elements 10A to 10D may be slightly difierent from the
above-described directions.

Now, the bias magnetic field Hb generated by each of the
bias magnetic field generation units 20A to 20D will be
described with reference to FIG. 2. In FIG. 2, the arrow
labeled Hb indicates the direction of the bias magnetic field
Hb at the location of the MR element 10 situated nearest the
arrow. As shown 1n FIG. 2, at each of the locations where the
MR elements 10A to 10D are placed, the bias magnetic field
Hb contains a component in a direction parallel to the Y
direction (the second direction). The direction 1s toward the
upper right 1n FIG. 2. The bias magnetic field Hb 1s used to
make the free layer 15 have a single magnetic domain and
to orient the magnetization of the free layer 15 1n a certain
direction, when the strength of the component of the target
magnetic field 1n the X direction, 1.e., 1n the direction parallel
to the magnetization direction of the pinned layer 13, 1s zero.

In the magnetic sensor system shown in FIG. 1, the
magnetic sensor 1 1s placed to face the outer circumierential
surface of the rotation scale 50 1n such a position that the Z
direction 1s parallel or almost parallel to a straight line
connecting the location of the magnetic sensor 1 and the
central axis C while the X direction 1s parallel or almost
parallel to an 1imaginary plane perpendicular to the central
axis C. In this case, the direction of the principal component
of the bias magnetic field Hb at the location of the MR
clement 10, 1.e., the Y direction, 1s parallel or almost parallel
to the central axis C shown in FIG. 1.

The positional relationship between the magnetic detec-
tion element (the MR element 10) and the bias magnetic
field generation unit 20 will now be described with reference
to FIG. 2, FIG. §, FIG. 8 and FIG. 9. FIG. 8 1s a plan view
1llustrating the positional relationship between the bias mag-
netic field generation unit 20 and the MR element 10 1n the
magnetic sensor 1 shown 1n FIG. 2. FIG. 9 15 a perspective
view 1llustrating the positional relationship between the bias
magnetic field generation unit 20 and the MR element 10 1n
the magnetic sensor shown 1 FIG. 2. First, space S 1s
defined as follows. The space S 1s, as shown 1n FIG. 3 and
FIG. 9, a space formed by shifting an imaginary plane
equivalent to the first end face 20q of the bias magnetic field
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generation unit 20 away from the second end face 205 along
the first direction (Z direction). The at least one magnetic
detection element 1s placed such that at least a part of each
of the at least one magnetic detection element 1s contained
in the space S. In the first embodiment, 1n particular, one MR
clement 10 as the at least one magnetic detection element 1s

placed such that the entirety thereot 1s contained 1n the space
S.

As shown 1n FIG. 8 and FI1G. 9, the first end face 20a of

the bias magnetic field generation unit 20 includes a first end
region R1, a second end region R2 and a middle region R3
cach of which has an area. The first end region R1 includes
a first end 20al of the first end face 20qa. The first end 20al
1s one of opposite ends of the first end face 20a 1n the second

direction (Y direction). The second end region R2 includes
a second end 20a2 of the first end face 20a. The second end
2042 1s the other of the opposite ends of the first end face
204 1n the second direction (Y direction). The middle region
R3 1s located between the first end region R1 and the second
end region R2, borders on the first end region R1 along a first
border line L1 orthogonal to the second direction, and
borders on the second end region R2 along a second border
line .2 orthogonal to the second direction. In FIG. 8, the first
and second border lines L1 and L2 are each shown 1in
alternate long and short dashed lines.

Now, a first end space R1S, a second end space R2S and
a middle space R3S will be defined as follows. As shown 1n
FIG. 9, the first end space R1S, the second end space R2S
and the middle space R3S are spaces formed by Shlftlng
three 1imaginary planes equivalent to the first end region R1,
the second end region R2 and the middle region R3 away
from the second end face 206 of the bias magnetic field
generation umt 20 along the first direction (Z direction). One
MR element 10 as the at least one magnetic detection
clement 1s preferably placed such that the entirety thereof 1s
contained in the middle space R3S. The following will
describe an example of such a placement of the MR element
10.

As shown 1n FIG. 8, the distance between the first end
204l and the first border line L1 will be denoted by the
symbol D1, the distance between the second end 2042 and
the second border line L2 will be denoted by the symbol D2,
and the distance between the first end 2041 and the second
end 2042 will be denoted by the symbol D3. The distances
D1 and D2 are both preferably 10% of the distance D3, and
more preferably 35% of the distance D3. The reasons
therefor will be described 1n detail later.

FIG. 2, FIG. 4, FIG. 5, FIG. 8 and FIG. 9 illustrate an
example 1n which only one MR element 10 1s situated 1n the
space S or the middle space R3S defined by one bias
magnetic field generation unit 20. Alternatively, as will be
described later in relation to a second embodiment, a plu-
rality of MR elements 10 may be situated in the space S or
the middle space R3S defined by one bias magnetic field
generation unit 20.

The function and effects of the magnetic sensor 1 and the
magnetic sensor system according to the first embodiment
will now be described. In the first embodiment, the bias
magnetic field generation unit 20 includes the ferromagnetic
layer 22 and the first antiferromagnetic layer 21. The first
antiferromagnetic layer 21 1s exchange-coupled to the fer-
romagnetic layer 22. The direction of the magnetization of
the ferromagnetic layer 22 1s thereby determined. On the
basis of the magnetization of the ferromagnetic layer 22, the
bias magnetic field generation unit 20 generates the bias
magnetic field Hb to be applied to the MR element 10.
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The effects of the magnetic sensor 1 according to the first
embodiment will now be described 1n comparison with a
magnetic sensor of a comparative example. The magnetic
sensor of the comparative example uses a permanent magnet
as the means for generating a bias magnetic field, in place of
the bias magnetic field generation unit 20. First, with refer-
ence to FIG. 10 and FIG. 11, comparisons will be made
between a magnetization curve of the permanent magnet and
that of the bias magnetic field generation unit 20. FIG. 10 1s
a characteristic diagram illustrating the magnetization curve
of the permanent magnet. FIG. 11 1s a characteristic diagram
illustrating the magnetization curve of the bias magnetic
field generation unit 20. In each of FIG. 10 and FIG. 11, the
horizontal axis represents magnetic field, and the vertical
ax1s represents magnetization. For both of the magnetic field
and the magnetization, positive values represent magnitude
in a predetermined direction, while negative values repre-
sent magnitude in the opposite direction from the predeter-
mined direction. Arrows 1n the magnetization curves indi-
cate the direction of a change in the magnetic field. The
range of the magnetic field indicated with the symbol HS
represents the range of the target magnetic field.

The magnetic sensor of the comparative example 1s used
under the condition that the strength of the target magnetic
field does not exceed the coercivity of the permanent mag-
net. However, an external magnetic field having a strength
exceeding the coercivity of the permanent magnet can
happen to be temporarily applied to the permanent magnet,
because the magnetic sensor can be used 1n various envi-
ronments. When such an external magnetic field 1s tempo-
rarily applied to the permanent magnet, the direction of the
magnetization of the permanent magnet may be changed
from an original direction and then remain different from the
original direction even after the external magnetic field
disappears. For example, as shown 1n FIG. 10, if an external
magnetic field of a positive value beyond the range HS of the
target magnetic field 1s temporarily applied to the permanent
magnet, the direction of the magnetization of the permanent
magnet 1s pinned 1n a positive direction after the external
magnetic field disappears. On the other hand, 11 an external
magnetic field of a negative value falling outside the range
HS of the target magnetic field 1s temporanly applied to the
permanent magnet, the direction of the magnetization of the
permanent magnet 1s pinned 1n a negative direction after the
external magnetic field disappears. Thus, in the magnetic
sensor of the comparative example, a temporary application
of an external magnetic field of a strength exceeding the
coercivity of the permanent magnet to the permanent magnet
may change the direction of the bias magnetic field from a
desired direction.

In contrast, 1n the bias magnetic field generation unit 20
of the first embodiment, as understood from FIG. 11, even
if an external magnetic field having a high strength suthicient
to reverse the direction of the magnetization of the ferro-
magnetic layer 22 1s temporarily applied, the direction of the
magnetization of the ferromagnetic layer 22 returns to an
original direction upon disappearance of such an external
magnetic field. The first embodiment thus allows application
of a stable bias magnetlc ficld Hb to the MR element 10.
This advantageous eflect 1s enhanced by providing the bias
magnetic field generation umt 20 with the second antifer-
romagnetic layer 23.

In the first embodiment, at least one MR element 10 1s
placed such that at least a part of each of the at least one MR
clement 10 1s contained in the space S (see FIGS. 5 and 9)
formed by shifting an 1imaginary plane equivalent to the first
end face 20q of the bias magnetic field generation unit 20
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away from the second end face 205 along the first direction
(Z. direction). Thus, 1n the first embodiment, the ferromag-
netic layer 22 and the first antiferromagnetic layer 21, which
are included 1n the bias magnetic field generation unit 20,
and the MR element 10 are aligned 1n the first direction (Z
direction). Further, 1n the first embodiment, the upper elec-
trode 30 and the lower electrode 40 are located on opposite
sides of the at least one MR element 10 1n the first direction
(Z. direction), and the bias magnetic field generation unit 20
1s located between the upper electrode 30 and the at least one
MR element 10. It 1s thus possible, according to the first
embodiment, to fabricate a stack including the bias magnetic
field generation umit 20, the MR element 10, the upper
clectrode 30 and the lower electrode 40 easily 1 a small
number of steps.

In the first embodiment, the protective layer 16 of the MR
clement 10 1s interposed between the free layer 15 of the MR
clement 10 and the first antiferromagnetic layer 21 of the
bias magnetic field generation unit 20. Thus, i the first
embodiment no antiferromagnetic layer contacts the free
layer 15. The first embodiment 1s thus free from the problem
associated with a contact of an antiferromagnetic layer with
the free layer 15.

In the first embodiment, as shown 1n FIG. 9, at least one
MR element 10 1s placed such that the entirety of the at least
one MR element 10 1s contained in the middle space R3S.
According to the first embodiment, this makes it possible to
apply a bias magnetic field Hb of high uniformity to the MR
clement 10 and also reduce a varnation 1n the bias magnetic
ficld Hb 1n response to a variation 1n the relative positional
relationship between the bias magnetic field generation unit
20 and the MR element 10. Such advantageous eflects will
now be described 1n detail.

First, a reference plane RP will be defined as follows. As
shown 1 FIG. 9, the reference plane RP 1s an imaginary
plane that intersects the free layer 15 of the MR element 10
and 1s parallel to the first end face 20a of the bias magnetic
field generation unit 20. Further, three regions of the refer-
ence plane RP that intersect the first end space R1S, the
second end space R2S, and the middle space R3S will be
designated as a first projected end region R1P, a second
projected end region R2P, and a projected middle region
R3P, respectively. A component of the bias magnetic field
Hb 1n the opposite direction to the direction of the magne-
tization of the ferromagnetic layer 22 1n the reference plane
RP will be referred to as reference component. The reference
component 1s a principal component of the bias magnetic
ficld Hb to be applied to the MR element 10.

FI1G. 12 1s a characteristic diagram illustrating the strength
of the reference component of the bias magnetic field Hb 1n
the reference plane RP. In FIG. 12, the horizontal axis
represents positions on a straight line in the reference plane
RP, the straight line being parallel to the Y direction and
passing through the center of the projected middle region
R3P 1n the X and Y directions. On the horizontal axis of FIG.
12, the center of the projected middle region R3P 1n the X
and Y directions, which will hereinafter be called the center
position, 1s taken as O um, and positions that are closer to the
first end 20al (see FIGS. 8 and 9) relative to the center
position are represented by negative values, while positions
that are closer to the second end 2042 (see FIGS. 8 and 9)
relative to the center position are represented by positive
values. The vertical axis represents the strength of the
reference component of the bias magnetic field Hb in the
reference plane RP. In FIG. 12, the strength of the reference
component of the bias magnetic field Hb 1s normalized to be
100% at the center position.
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In FIG. 12, the distance D3 between the first end 20a1 and
the second end 2042 shown in FIG. 8 1s taken as 10 um. In
FIG. 12, the two peak positions (the positions of £5 um) 1n
the strength of the reference component represent positions
at which two 1maginary straight lines equivalent to the first
end 20al and the second end 20a2 intersect the reference
plane RP when the two imaginary straight lines are shifted
away from the second end face 205 of the bias magnetic field
generation unit 20 along the first direction (7 direction).
Further, in FIG. 12, the positions of the straight lines labeled
[L11 and L12 represent positions at which an imaginary
straight line equivalent to the first border line L1 situated
between the first end region R1 and the middle region R3
shown 1n FIG. 8 mtersects the reference plane RP when the
imaginary straight line 1s shifted away from the second end
face 205 of the bias magnetic field generation unit 20 along
the first direction (Z direction). The position of the straight
line L11 corresponds to the case where the distance D1
between the first end 2041 and the first border line L1 shown
in FIG. 8 1s set at 10% of the distance D3. The position of
the straight line 112 corresponds to the case where the
distance D1 1s set at 35% of the distance D3.

Likewise, the positions of the straight lines labeled .21
and .22 represent positions at which an imaginary straight
line equivalent to the second border line 1.2 situated between
the second end region R2 and the middle region R3 shown
in FIG. 8 intersects the reference plane RP when the 1imagi-
nary straight line 1s shifted away from the second end face
206 of the bias magnetic field generation unit 20 along the
first direction (7 direction). The position of the straight line
[.21 corresponds to the case where the distance D2 between
the second end 2042 and the second border line L2 shown

in FIG. 8 1s set at 10% of the distance D3. The position of
the straight line .22 corresponds to the case where the
distance D2 1s set at 35% of the distance D3.

The distribution of the strength of the reference compo-
nent between the straight lines LL11 and L.21 represents the
distribution of the strength of the reference component 1n the
projected middle region R3P when both of the distances D1
and D2 are 10% of the distance D3. The distribution of the
strength of the reference component between the straight
lines .12 and .22 represents the distribution of the strength
ol the reference component 1n the projected middle region
R3P when both of the distances D1 and D2 are 35% of the
distance D3. The distribution of the strength of the reference
component between the straight line .11 and the position of
-5 um or between the straight line .12 and the position of
-5 um represents the distribution of the strength of the
reference component 1n the first projected end region R1P.
The distribution of the strength of the reference component
between the straight line .21 and the position of 5 um or
between the straight line 1.22 and the position of 5 um
represents the distribution of the strength of the reference
component 1n the second projected end region R2P.

As shown in FIG. 12, the gradient of change 1n the
strength of the reference component versus the change in the
position along the second direction (Y direction) 1s smaller
in the projected middle region R3P than in the first and
second projected end regions R1P and R2P. Thus, placing
the MR element 10 such that the entirety thereof 1s contained
in the middle space R3S makes 1t possible to apply a bias
magnetic field Hb of higher uniformity to the MR element
10 and reduce a variation in the bias magnetic field Hb 1n
response to a variation 1n the relative positional relationship
between the bias magnetic field generation umt 20 and the
MR element 10, when compared with the case of placing the
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MR element 10 such that a part or the entirety of the MR
clement 10 1s situated outside the middle space S3S.

According to FIG. 12, when both of the distances D1 and
D2 are 10% of the distance D3, the strength of the reference
component of the bias magnetic field Hb 1n the projected
middle region R3P falls within the range of 100% to 300%
of the strength of the reference component at the center
position mentioned above. Further, when both of the dis-
tances D1 and D2 are 35% of the distance D3, the strength
of the reference component of the bias magnetic field Hb 1n
the projected middle region R3P falls within the range of
100% to 120% of the strength of the reference component at
the center position. From the standpoint of reducing a
variation 1n the strength of the reference component of the
bias magnetic field Hb 1in the middle space R3S 1n which the
MR element 10 1s placed, both of the distances D1 and D2

are preferably 10% of the distance D3, and more preferably
35% of the distance D3.

Second Embodiment

A second embodiment of the imvention will now be
described with reference to FIG. 13. FIG. 13 1s an enlarged
side view of a portion of a magnetic sensor according to the
second embodiment. The magnetic sensor 1 according to the
second embodiment includes eight MR elements 10, four
bias magnetic field generation units 20, a substrate (not
illustrated), two upper electrodes (first electrodes) 30, and
two lower electrodes (second electrodes) 40. In the second
embodiment, two MR elements 10 connected 1n parallel by
the upper and lower electrodes 30 and 40 are placed at each
of the locations of the MR elements 10A, 10B, 10C and 10D
described in the first embodiment section.

In the second embodiment, the two MR elements 10
connected 1n parallel are placed such that at least a part of
cach of the two MR elements 10 1s contained 1n the space S
defined by a corresponding bias magnetic field generation
unit 20. The magnetization pinned layers 13 of the two MR
clements 10 are magnetized 1n the same direction. The two
MR elements 10 are preferably placed such that the entlrety
of each of the two MR elements 10 i1s contained in the
middle space R3S described 1n the first embodiment section.
In that case, 1t 1s possible to apply bias magnetic fields Hb
of high uniformity to the two MR elements 10 and to reduce
a difference 1n strength between the bias magnetic fields Hb
to be applied to the two MR elements 10.

The remainder of configuration, function and eflects of
the second embodiment are similar to those of the first
embodiment.

Third E

Embodiment

A third embodiment of the invention will now be
described with reference to FIG. 14. FIG. 14 1s a perspective
view 1llustrating the general configuration of a magnetic
sensor system of the third embodiment. The magnetic sensor
system of the third embodiment differs from that of the first
embodiment in the following ways. The magnetic sensor
system of the third embodiment has a linear scale 150 1n
place of the rotation scale 50. The linear scale 150 has a
plurality of pairs of N and S poles arranged alternately 1n a
linear configuration. The linear scale 150 has a side surface
parallel to the direction 1n which the N and S poles are
arranged. The magnetic sensor 1 1s placed to face the side
surface of the linear scale 150.

One of the linear scale 150 and the magnetic sensor 1
moves linearly 1n a predetermined direction D in response to
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the movement of a moving object (not illustrated). This
causes a change 1n the relative position of the linear scale
150 with respect to the magnetic sensor 1 1n the direction D.
The direction D 1s the direction in which the N and S poles
of the linear scale 150 are arranged. The magnetic sensor
system detects, as the physical quantity associated with the
relative positional relationship between the linear scale 150
and the magnetic sensor 1, the position and/or speed of the
alforementioned moving body moving with one of the linear
scale 150 and the magnetic sensor 1, for example.

In the third embodiment, the target magnetic field 1s
generated by the linear scale 150, and the direction of the
target magnetic field varies with changes in the relative
position of the linear scale 150 with respect to the magnetic
sensor 1.

The magnetic sensor 1 may be configured 1n the same
manner as the first or second embodiment. The remainder of
configuration, function and eflfects of the third embodiment
are similar to those of the first or second embodiment.

The present invention i1s not limited to the foregoing
embodiments, and various modifications may be made
thereto. For example, as far as the requirements of the
appended claims are met, the shape and location of the bias
magnetic field generation unit 20, and the number, shape and
location of the MR element 10 need not necessarily be as 1n
the respective examples illustrated in the foregoing embodi-
ments, and can be freely chosen.

Further, the MR element 10 may be formed by stacking
the underlayer 11, the free layer 15, the nonmagnetic layer
14, the magnetization pinned layer 13, the antiferromagnetic
layer 12, and the protective layer 16 1n this order from the
bottom.

It 1s apparent that the present invention can be carried out
in various forms and modifications 1 the light of the
foregoing descriptions. Accordingly, within the scope of the
tollowing claims and equivalents thereot, the present inven-
tion can be carried out 1 forms other than the foregoing
most preferable embodiments.

What 1s claimed 1s:

1. A magnetic sensor comprising;

at least one magnetic detection element for detecting a

magnetic field to be detected; and

a bias magnetic field generation unit for generating a bias

magnetic field to be applied to the at least one magnetic
detection element, wherein
the bias magnetic field generation unit and the at least one
magnetic detection element are stacked along a first
direction, the bias magnetic field generation unit being
arranged outside the at least one magnetic detection
clement 1n the first direction and having a location 1n
the first direction that 1s different from a location of the
at least one magnetic detection element 1n the first
direction,
the bias magnetic field generation umt includes a ferro-
magnetic layer and a first antiferromagnetic layer that
are stacked along the first direction, and has a first end
face and a second end face located at opposite ends 1n
the first direction,
the ferromagnetic layer has a first surface and a second
surface located at opposite ends 1n the first direction,

the first antiferromagnetic layer 1s 1n contact with the first
surface of the ferromagnetic layer and exchange-
coupled to the ferromagnetic layer, and

the first antiferromagnetic layer 1s placed between at least

a part of each of the at least one magnetic detection
clement and the ferromagnetic layer along the first
direction.
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2. The magnetic sensor according to claim 1, wherein

the ferromagnetic layer has a magnetization 1n a direction
parallel to a second direction orthogonal to the first
direction, and

the bias magnetic field at a location where the at least one
magnetic detection element 1s placed contains a com-
ponent 1n a direction opposite to the direction of the
magnetization of the ferromagnetic layer.

3. The magnetic sensor according to claim 2, wherein

the first end face of the bias magnetic field generation unit
includes a first end region, a second end region and a
middle region each of which has an area,

the first end region includes a first end of the first end face,

the first end being one of opposite ends of the first end
face 1n the second direction,

the second end region includes a second end of the first

end face, the second end being the other of the opposite
ends of the first end face 1n the second direction,

the middle region 1s located between the first end region

and the second end region, borders on the first end
region along a first border line orthogonal to the second
direction, and borders on the second end region along
a second border line orthogonal to the second direction,
and

the at least one magnetic detection element 1s placed such

that an entirety of the at least one magnetic detection
clement 1s aligned with the middle region along the first
direction.

4. The magnetic sensor according to claim 3, wherein a
distance between the first end and the first border line, and
a distance between the second end and the second border
line are both 10% of a distance between the first end and the
second end.
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5. The magnetic sensor according to claim 3, wherein a
distance between the first end and the first border line, and
a distance between the second end and the second border
line are both 35% of a distance between the first end and the
second end.

6. The magnetic sensor according to claim 1, wherein the
at least one magnetic detection element 1s at least one
magnetoresistance element.

7. The magnetic sensor according to claim 6, wherein

the at least one magnetoresistance element includes a

magnetization pinned layer having a magnetization

pinned 1 a certain direction, a free layer having a

magnetization that varies depending on the magnetic
field to be detected, and a nonmagnetic layer located
between the magnetization pinned layer and the free
layer, and

the magnetization pmned layer, the nonmagnetic layer

and the free layer are stacked along the first direction.

8. The magnetic sensor according to claim 7, further
comprising a first electrode and a second electrode for
supplying current to the at least one magnetoresistance
clement, the first and second electrodes being located on
opposite sides of the at least one magnetoresistance element
in the first direction,

wherein the bias magnetic field generation unit 1s located

between the first electrode and the at least one magne-
toresistance element.

9. The magnetic sensor according to claim 1, wherein the
bias magnetic field generation unit further includes a second
antiferromagnetic layer that 1s in contact with the second
surface of the ferromagnetic layer and exchange-coupled to
the ferromagnetic layer.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

